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ABSTRACT: In order to determine the best ratio of maternal and paternal inbred lines and study the effect of 

planting various ratios of grain corn maternal to paternal inbred lines on grain yield and yield components of 704 

grain corn single cross, an experiment was conducted in Bardsir-Kerman, in 1388 (2009). A randomized complete 

block design (RCBD) with 3 replications was used to compare 4 various ratios of maternal to paternal inbred lines 

(conventional 2:4 (A); dense 2:4 (B); dense 1:4 (C); conventional 1:4 (D)). Ear length, ear diameter, number of 

kernels per row, number of rows per ear, cob percent, cob weight, Thousand kernels weight (TKW), fertilization 

percent, total kernels per ears and seed yield were measured. Results showed that most measured traits, specially 

the yield components, were affected by the ratios. Mean comparison shows no statistical significant difference 

among B, D with A. Therefore, due to better efficiency, the conventional 1:4 ratio with yield of 2.8 t/ha is 

recommended.    
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INTRODUCTION 

 

 Maternal inbred lines produce the economical yield in 

producing hybrid seeds and paternal lines only produce 

pollen but not economical yield. Therefore, the yield of 

maternal lines should be increased and total area of 

paternal lines should be decreased in hybrid seed 

producing farms. Many researches have been conducted to 

study the effect of maternal to paternal lines ratio on 

hybrid seed production. According to environmental 

conditions and type of hybrids, the ratio differed. The most 

important point in selecting the ratio is the ability of 

paternal line to produce enough good pollen for fertilizing 

the maternal lines (Beck, 2002). Because the maternal 

plants are harvested for seed production, the number of 

paternal plants should be decreased as less as possible to 

produce enough good pollen (Beck, 2002). The ratio of 

maternal to paternal lines can vary from 2:1 to 6:1. The 

most common ratio in America Corn Belt is 4:1 (Burris, 

2001). Culy (1991) studied the ratios of 4:1, 5:1 and 6:1 in 

Honduras, Guatemala and El Salvador and reported he 

highest yield by the ratio of 5:1 (Culy et al., 1991). In 

other experiment, the ratios 4:1 and 6:2 were compared 

and the highest yield was produced by 4:1 (Beck, 2002). 

Ganjeh (2000) studied the ratios of 4:1, 6:2 and 8:2 to 

produce 704 single cross hybrid seed, in Moghan-Iran and 

reported highest yield by the ratio 4:1 (Ganjeh, 2000). Low 

humidity and water stress, especially together with higher 

temperature than 35°C can affect pollination and cause 

insufficient ear fertilization (Cordova et al., 1999). 

Unknown problems in producing hybrid grain corn in a 

specific environment, contamination of the seed producing 

regions with diseases and quarantined pests and also need 

to find new regions reveals the necessity of conducting this 

experiment to determine the best ratio of maternal to 

paternal lines for achieving the highest yield. 
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MATERIALS AND METHODS 

 

       This experiment was carried out using randomized 

complete block design (RCBD) with 3 replications and 4 

planting patterns as treatments, in Bardsir-Iran. The farm 

having a sandy loam soil located in northern latitude of 

29° and 59', eastern longitude of 56° and 34'; altitude of 

2040 meters from sea level in 1388 (2009). The planting 

patterns were: A- the conventional ratio of 4:2 as control. 4 

rows of maternal plants were planted on top of 4 furrows 

and 2 rows of paternal ones on top of 2 furrows. B- Dense 

ratio of 4:2. 4 rows of maternal plants were planted on top 

of 4 furrows and 2 rows of paternal plants on two sides of 

one furrow. C- Dense 4:1. Maternal plants were planted in 

the floor of furrows uniformly and 1 row of paternal plants 

was planted on top of 1 furrow every other 4 rows of 

maternal plants. D- Conventional ratio of 4:1. 4 rows of 

maternal plants were planted on top of 4 furrows and 1 

row of paternal on top of 1 furrow. Upon the standard 

methods for production hybrid seed corn, all furrows were 

75 cm apart and distance between paternal plants was 14 

cm and between maternal plants was 16 cm on row. All 

maintenance operations such as irrigation, fertilizer top 

dressing, harrowing, and removal of dissimilar plants were 

done in appropriate time, as were recommended. Seeds 

were planted early in regional optimum period of seed 

planting. Irrigation was done by a classic sprinkler system. 

In order to avoid the effect of pollens from the maternal 

plants, cytoplasmic male sterile (CMS) plants were planted 

as maternal line. Ear length, ear diameter, number of 

kernels per row, number of rows per ear, cob percent, cob 

weight, thousand kernels weight (TKW), fertilization 

percent, total kernels per ears and seed yield were 

measured. In harvest, maternal plants from an area of 50 

m
2
 from both side of paternal row(s) were harvested and 

grain yield were measured based on the seed humidity of 

14%. For measuring other traits, 15 ears from each plot 

were selected randomly. Data were statistically analyzed 

using SAS and SPSS software and means were compared 

by Duncan multi-range test. 

 

 

RESULTS AND DISCUSSION 

 

 The analysis of variance shows very significant 

(α=1%) effects by various ratios on all measured traits, 

except for ear length and cob weight (Table 1).  

 

Grain Yield 

 This attribute was very significantly affected by 

various ratios of the female and male plants (α=1%). Mean 

comparison shows that planting pattern of dense 4:1 

produced the least seed yield (1.85 t/ha). There was no 

significant difference among other 3 planting patterns 

significantly. However the highest yield (2.8 t/ha) was 

produced by conventional 4:1(Fig. 1). Grain yield had the 

highest positive correlation with grain weight per ear 

(r=0.990), ear diameter (r=0.934), grain rows per ear 

(r=0.933), grain per row (r=0.883) and highest negative 

correlation with cob weight (r=-0.960) and percent of 

round and big kernels (r=-0.691). Ganjeh (Ganjeh, 2000) 

has also reported that the ratio of 4:1 as the best to obtain 

the highest seed yield (3.4 t/ha). These results  are were 

similar to Annapurna 1998, Gautam 1999, Geetha 2000, 

Khatun 1999, Kumar 2000, Mohammadi 2003 and You 

1998. 

 

Fertilization rate 

 Fertilization rate is significantly affected by various 

ratios too (α=1%). Mean comparison shows conventional 

4:2 with 85% had the highest, and dense 4:1 had the least 

percent of fertilization. The other two planting patterns 

(dense 4:2 and conventional 4:1) with %67 and %71 

percent ranked as middle. The fertilization rate was highly 

correlated with grain yield (r=0.944). The planting pattern 

of conventional 4:2 produced the highest amount of pollen 

and thus fertilized the most female flowers and produced 

the highest grain yield. Fertilization of maternal plants was 

the least in dense 4:1 ratio, due to the lowest pollen 

production or lowest overlapping paternal plants on 

maternal ones. 

 

Number of kernels per row of ear 

 Number of kernels per row of ear, as one important 

yield component, was very significantly affected by 

experimental planting patterns (α=1%). Mean comparison 

(Table 2) shows that the least kernels per row of ear is 

measured in dense 4:1 ratio that can be due to least 

overlapping of paternal on maternal plants and less pollen 

to fertilize the female plants. The other 3 planting patterns 

had no significant difference and ranked in one statistical 

group. Positive high correlation between number of 

kernels per ear row and grain yield (r=0.883) indicates the 

fact that each planting pattern that could produce more 

pollen and coverage to fertilize more maternal plants, 

yielded in more grains. Regression analysis shows linear 

relation between yield and number of kernels per ear row 

(Fig. 2). The obtained results are in agreement with those 

reported by Annapurna (1998), Gautam 1999, Geetha 

2000, Kumar 2000 and You 1998. Annapurna et al.(1998) 

found a significant positive relation between gain yield 

and plant height, ear diameter, number of rows per ear, and 

number of grains per row. Gautam et al. (1999) reported 

the highest relation between garin yield and number of 

grains per row, plant height and length of cob. 

 

Number of kernel rows per ear 

 Number of kernels rows were affected by planting 

patterns (α=1%). The least rows per ear were obtained in 

planting pattern of dense 4:1 ratio. The other 3 planting 

patterns had the most kernel rows per ear, with no 
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significant difference. This seems to be due to better 

pollination through better covering of maternal plants by 

paternal pollinators. In dense 4:1 ratio, paternal plants 

were planted in the bottom of furrows and maternal plants 

on top of furrows. It seems the lowest height of paternal 

plants than maternal plants due to lower seed bed resulted 

in badly upward movement of pollen and thus not reaching 

to higher female flowers, well. High positive correlation 

between number of kernel rows per ear and grain yield 

(r=0.933) indicates the effective role of this attribute in 

grain yield. The finding are similar with those reported 

reported by Annapurna 1998, Kumar 2000, Mohammadi 

2003 and You 1998. Mohammadi et al. (2003), reported 

the highest grain yield due to highest weight of one 

hundred kernels and total number of grains per ear. Kumar 

et al. (2000) showed that higher plants with heavier ears, 

more grains per ear, more grains per ear row, and more 

rows per ear produced more grain yield. You et al. (1998) 

reported a significant positive relation between grain yield 

and number of rows per ear, number of grains per row and 

Thousands kernels weight. 

 

Percent of Cob 

 Various ratios affected percent of cob significantly 

(α=1%). Dense 4:1 ratio with %63 had the most cob 

percent than other planting patterns. Conventional 4:2, 

dense 4:2 and conventional 4:1 with %40, %45 and %42 

had the lowest cob percent, respectively. Their differences 

were not statistically significant. This indicates better 

pollination due to better planting patterns. Cob percent had 

very high negative correlation to yield (r=-0.960). It is 

clear that bad pollination results in less fertilization and 

thus less seeds and increases the percent of cob. In dense 

4:1, paternal plants were weaker due to competition of 

maternal plants upon the top of furrows and paternal seed 

bed in bottom of furrow. Mohammadi 2003 reported such 

findings. He reported that percent of cob had high 

significant negative relation with grain yield. 

 

Kernel weight per ear 

 Kernel weight in various planting patterns were 

significantly different (α=1%). The most and least kernel 

weight per ear was 70.6 and 34.60 (g) and produced by 

conventional 4:2 and dense 4:1, respectively. Kernel 

weight per ear in 2 other planting patterns was 

significantly more than dense 4:1. Kernel weight per ear 

was very highly correlated to yield (r=0.990). It seems that 

more kernel weight per ear is due to better pollination and 

fertilization by stronger paternal plants that produced 

better and more pollens and better planting pattern that 

made better condition for pollen to move and cover female 

flowers better. Such finding is similarly reported by 

Agrama (1996), Khatun (1999), Kumar (2000). Agrama et 

al. (1996) reported that weight of grains per ear had 

positive effects on grain yield. Khatun et al. (1999) 

reported same direct relation. 

 

Number of kernel pear ear 

 Effect of planting patterns on this attribute was 

statistically very significant, (α=1%). Mean comparison 

shows that planting pattern of conventional 4:2 with 355 

kernels and dense 4:1 with 161.7 kernels produces the 

most and least kernels per ear. Planting pattern of dense 

4:2 with 276.7 and conventional 4:1 with 285 kernels had 

no statistical significant difference with the first ranked 

planting pattern. Number of kernels per ear had high 

positive correlation (r=0895) with seed yield. The finding 

is the same as Agrama 1996. Agrama (1996) showed that 

highest yield was produced by plants with the most 

number of kernels per ear. 

 

Ear diameter 

 Mean comparison shows the highest (4.8 cm) and 

lowest (3.99) diameters are measured in planting patterns 

of conventional 4:2 and dense 4:1, respectively. The other 

two planting patterns had no significant difference with 

dense 4:1. This attributes had very high correlation with 

seed yield (r=0.934). Higher ear diameter in conventional 

4:2 is probably due to better pollination that resulted in 

more kernels and thus more ear (kernel+cob) diameter. 

More kernel weight in these planting patterns confirms this 

finding. In dense 4:1 insufficient pollination, due to less 

pollen, has resulted in less kernel production and thus less 

ear diameter. These findings are the same as reported by 

Annapurna (1998) and Mohammadi (2003), therefore we 

can use ear diameter as an attribute for grain corn 

selection. 

 

Thousand kernels weight (TKW) 

 TKW mean comparison shows no significant 

difference (α=5%) among planting patterns. However, the 

highest mean was observed in dense 4:1 (200.1 (g)). Mean 

TKW in conventional 4:1, conventional 4:2 and dense 4:2 

was 199.2, 189.4 and 182.8 (g), respectively. There was 

not a high correlation between TKW and seed yield but it 

was negative (r=-279). In dense ratio of 4:1, fertilized 

female flowers were irregularly scattered therefore kernels 

had enough space to growth more and become round. 

Negative correlation confirms this result.  
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Table 1. Results of ANOVA (Mean Squares) 

SOV DF 
Ear 

length 

Ear 

diameter 
Kernels/row 

Kernel 

rows/ear 

Cob 

weight 

Cob 

percentage 

Kernels 

weight/ear 

Number of 

kernels/ear 

Fertilization 

rate (%) 

Seed 

Yield 

Treatment 3 0.259ns 0.819** 89.371** 23.78** 20.50ns 0.66** 1651.9** 38460** 0.258** 4.672** 

Replication 2 0.395ns 0.132** 25.359ns 8.97ns 0.309ns 0.035ns 410.9ns 14954ns 0.04ns 1.177ns 

Error 6 0.257 0.08 16/97 2.85 11.53 0.009 230.2 6623 0.345 0.655 

n.s., * and **: non significant, significant (α=5%) and very significant (α=1%) difference, respectively 

 
Table 2. Mean comparison using Duncan method 

Treatment 
Ear 

length 

Ear 

diameter 

Kernels/ 

ear row 

Kernel 

row/ ear 

Cob 

weight 

Cob 

percentage 

Kernels 

weight/ear 

Kernels 

number/ear 

Fertilization 

percentage 
TKW 

Grain 

yield 

Conventional 
4:2 (A) 

13.5a 4.80a 20.2a 17.7a 44.8a 0.40b 70.6a 355a 0.85a 189a 2.50a 

Dense 4:2 

(B) 
13.2a 4.60a 16.4a 16.9a 45.0a 0.43b 63.6a 277a 0.67a 183a 2.70a 

Dense 4:1 

(C) 
13.7a 3.99b 10.8b 13.4b 41.7a 0.63a 34.6b 162b 0.36b 200a 1.85b 

Conventional 
4:1 (D) 

13.3a 4.72a 16.4a 17.3a 45.9a 0.45b 67.7a 285a 0.71a 199a 2.8a 

Means having same alphabet do not have statistical significant difference (α=0.05) 

 
Table 3. Correlation Coefficient 

 
Ear 

length 

Ear 

diameter 

Kernels/ 

ear row 

Cob 

weight 

Cob 

percentage 
TKW 

Kernels 

weight/ear 

Kernels 

number/ear 

Fertilization 

percentage 

Small flat 

grains 

percentage 

Big flat 

grains 

percentage 

Small 

round 

grains 

percentage 

Big round 

grains 

percentage 

Grain 

yield 

Ear length 1              

Ear 

diameter 
-0.33 1             

Kernels/ 

ear row 
-0.09 0.93** 1            

Cob weight -0.57 0.63 0.41 1           

Cob 

percentage 
0.32 -0.95** -0.89** -0.44 1          

TKW 0.28 -0.52 -0.49 -0.30 0.44 1         

Kernels 

weight/ear 
-0.31 0.93** 0.88** 0.54 -0.96** -0.25 1        

Kernels 

number/ear 
-0.09 0.93** 0.99** 0.46 -0.88** -0.47 0.90** 1       

Fertilization 

percentage 
-0.22 0.98** 0.96** 0.53 -0.95** -0.55 0.94** 0.96** 1      

Small flat 

grains 

percentage 

-0.15 0.71 0.75** 0.55 -0.57 -0.55 0.53 0.73** 0.62** 1     

Big flat 

grains 

percentage 

-0.29 0.89** 0.84** 0.59 0.81** -0.33 0.87** 0.87** 0.93** 0.54 1    

Small 

round 

grains 

percentage 

0.25 -0.80** -0.72** -0.55 0.75 0.26 -0.77** -0.75** -0.82** -0.50 -0.81** 1   

Big round 

grains 

percentage 

0.17 -0.82** -0.84** -0.52 0.70 0.56 -0.69 -0.85** -0.80** -0.87 -0.79** 0.50 1  

Grain yield -0.32 0.93** 0.88** 0.54 -0.96** -0.28 0.99** 0.90** 0.94** 0.54 0.87** -0.77** -0.69 1 

Kernel 

rows/ear 
-0.26 0.97** 0.91** 0.667 -0.91** 0.47 0.93** 0.94** 0.96** 0.71** 0.90** -0.83** -0.81** 0.93** 
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Figure 1. Seed Yield in varous planting patterns 

 

 
 
 

 

Figure 2. Regression between seed yield and number of kernels per row of ear 

 

 

CONCLUSION 

 

 The highest seed yield is produced by conventional 

ratio of 4:1 that had no significant difference with 

conventional and dense ratio of 4:2 (Fig.1). Considering 

the large-scale planting cultivation operation, conventional 

ratio of 4:1 is recommended due to easier planting by seed 

planter, in cool moderate zone. One of the six planter 

boxes is used for paternal seeds and four ones are used for 

maternal seeds. In risky farms with various stresses, 

planting four maternal plants on four rows and then two 

paternal plants on one row (dense 4:2) is recommended, 

but it is expensive in large scale, in the other hand, under 

sprinkle irrigation it is impossible to plant both paternal 

and maternal plants concurrently, but not to irrigate the 

paternal plants to overcome the problem of ripening 

concurrency. 
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